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Interferon, in particular interferona2a. is a pha/maceuticallv active nrntPin ««hirh K»e -- «. . - ■ 
activity. For example interferon is used to treat taftxeOtauM JZZZl "* ""P"**"** 

5 In order to improve stability and ^Z^Tc^^^ J^^ 8 is active aoainst hepatte. 

feron may be conjugated Z the Z pSi"^^ «*■ >— » such as inter- 

sess clinically useful properties flnadSIl j B^a^rL^SST T?^** ^ been srcwn to pos- 
« Reviews in Therapeuticbn* cTsSs SSSS 5 ' ^ 199 ° ,: De,Bad0 * *■ Crti «" 
Among these are better physical l?SS ^»7S2S tJEK ^L?^ SyStemS 10 ' 91 < 1 
increased soiubilrty. I^T^cSa^hS^'d'SSS Se^Sc^rT^ to 
reported that branched PEG conjugates exhibS irS«L ^ a^i^^t^ ^ nC ' n0 P ° tenCy ' 11 ^ 
olytic digestion than linear PEG conjugates. (Mc^et^.^^^T'^S 
is PEG proteins are reduced immunoaenicrtv and anti^*;**, ~ BW * son l u 8«o wwm - 6. 62 (1995)). Other preperbes of 
certain prolans may ^T^^^Z^^n^Z " ^"P - ^ * PEG ^- of 

G-CSF (SataKe-l^wa SltTaSS^^i?^ S"" ^ * 
Sci. USA 84. 1487 (1987),. TNF-o (Tsuteumi et at. JpTTcar^Ref ^ 

^rSrar a^T^ * ^"tviral acuity bu, inaeases 

ing properties in that the amiprdifemTe^Ltv^PP«"!!l! ° 0nju9ate 01 invenfon ^ surpris- 

of other PEG interferon cor^ugatet^wSougM higher than that not only of interferon but 

PEG imertercr^a conjugates * * e 00n,U9ate * over other 

of M invent™ is tXZ^TSSStt 5E ^ PEG 

jugates do elicit limited a^^farmatoi f0rmat,on - ln «her PEG interferon-a con- 

has SnSpYG^^r 

its other characteristics, and virtually no imrrLnooenk^T^ enhancement or reduction that occurs in 

Thephysio.ogica.ty active PaM^conju B a«^ofi*in^h«^fo n n^ 
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The conjugate of this invention has the same uses a* ifw„ w « 
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these conjugaes have antiproliferative activity which is superior to IFNa. Also as nr*~i ■ - _ 

ing dissociation of antiviral and antiproliferative effects TWso^rtv ^SZ^fZ?"*"* shows a 
of a conjugate, while decreasing orSwn^ tS^MSmt^SS^!^ T*«"*** «IWy 
ated with the antivimf activity, eliminating this artvTwSlSSl J£ "TSl' side effect is associ- 

ativity. Therefore, the present inventS dto^^h^^^^ 

pounds of formula I or their salts and to metr^^uSn 0 ^^ on the basis of the com- 

ner material. The pharmaceutical corrpostions to be usad^Th! ZZl'^l ^! andtherapeutjcalfy acceptable car- 
oood medical notice ta.no into cSSSTth d^t^eaT'^i^ l^™ "* 
of dejjvery of the protein conjugate, the method of SS2£ 21^!^ ^ ^ 
The dun- con )UO ateisa prrvsK.ogicaUy active PEG-IFNa^eSt^r^r 

0 

ROCH 2 CH 2 (OCH 2 CH2)n— O-C-NH j 

(CH2) 4 

L 

— IFNa 



50 



weight of the polyethy.^ grycol umteTn ^KorfX. ^V 600 *> 1S°0: and the average molecular 

jugate of forrr^T^ab^ 

The lumbers n and n' are seleaad*^ PEG rno.ef.es are attached to the protein via a single linkage 
» IFNa. whi* activity SJ r^SfSJ sa^ af r^X^ 0 "ST" * ' ^ a P^<*S act, of 

IWanardnZZ^sl^l^ of the corres^nding activity of unmrtL 
PEG unit of OC^CHj hasa rrotecXw^^D^^^ ^^^ flly00 ' ""^ *" me PEQ " A 

the molecular weight of the IFNa) dependTeVthl n^m !2t ?T """^ W * 8M 01 «•»*■«• («dud^g 
I is from 600 to 1500, producing a IcaSS^mSL ^SZ^H T 01 " -nd ** * Forrnu ^ 

' to 66.000 and preferably from aCS^ 0^^°^ " 01 PEG ^ ^ about 26.000 
40.000 dattons especially prefen^Aore^^? ^ ******* 39.°°0 to 45,000 dattons. with 
*m about B50 KS ^^n^Zl^^to 800 to12 °°^ the average sunTbe^ 

may be 420 or 520. or both may be 455 The orefiSS "° r " may '^dually be 420 or 520. or both 

ferred ratio of from about ^T^^^Tr^^^V-^ l- *° m *** ° 5 te 1 *•« « «Pecially pre- 
sonable range of that nurter as deterrrtned^co^n^alS te^T'" "^"^that it is within area- 

Also preferred is a conjugate of Formula ZS^lStSS^ ,ecnn «'««- 
gate where X is NH, and a anjugift wto n and VSlZZ 8 C ° n,UQa,e R and fV are methyl, a cortu- 
al. the above characterise *Ze^Z£T "* ""^ w ^ ^ 420 or 520. Such a corbie r2g 

groups of Formula I. R and R' may be the sWo> SreS' * S me1h * Wrth re W* to the two PEG 

By IFNa (interferon a) and its species IFNa2a is ma*,* — , 
obtained from any conventional source such as^l^J^J^L » recombinant protein, preferably human, as 
Any protein having the activity of IFNa . such «n!£Ec! ^ZTt^L ^ re ^ ^*°"«"rrtoinart cells, 
and isolating IFNa from natural or recorrtor^ souS ^^^p^'f T^' * encon ^- Obtainmg 
A preferred IFNa is IFNaZa, which as slated ^eT^n^TS^ ^ aoph ^- 221 1 (1983)). 

European Patent No 43 980)). »* m «h«te (PestKa. Sc. Am. 249. 36 (1983); 

The physiologically active conjugate of Formula I has IFN« mi*, k, ^ 
Known IFNa activity, as determined by vanoTaaays^ 

us assays Known .n the art. In particular, the conjugates of this invention 
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have IFNa activity as shown by antiproliferative activity against tumor cefls and antiviral activity against celte m**- 
with a virus. These are known activities of IFNa. Such activity in a mni.naio ^.kIT^I™^:^ mtetted 
"ttea^^etruassa^ 

Cane. Res. 42. 4948 (1982)). Part of this invention is a con^eTSrniS Iwht^S^f * al ' 

and less antiviral activity than unmodified IFNa Wn,U9a,e <* Formute 1 greater arfcprolrfenitive activrty 

The conjugate of Formula I is produced by covalent Hnfcaae of ifn™ tn pen 
ment of the PEG hydroxy! with a linking group/foWZ SS^Sl » ^ h!£ ^ aCMva,fld * re P |ac8 - 
PEG On particular monomethoxy PEG) ^Sl^TneZl^bl^^^^^ 6 ^ deri ^« <* 
dini et al.. supra). UntegelsTan amide or ester bona !7!S^^5^^ 
NH). Part of this invention is a method for increase ^^ZZZ^'^^?* * ™ bond (X is 

activity of the IFNo. by linking the ^ud^^J^S^^^I,^^ "2?" *» 

X represents the attachment site on IFNa by JS^tSS!^^!^^^ ^H*™ m ^ atB - 
IFNa The reagents attach to primary amino vZ^X^SS^S^ ""^entty attached to the 
The reagents can also attach to a hydroxy. jS?^£ , £££ Zf ^ °' * ** * ,FNflL 
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ROCHaCHzfOCHaCH^n — o— C— NH 
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.ysinrrre^ ^ are ^ to 

vated to a succinirrfdyl ester may be tiS!^^^^^^ havmfl me W» «*oxyl group act.- 
al- supra, applicable io a ^^^^■T™"*^*^"^^'** 
Polymers, inc. (Humsville. AlLama). The p e^ ^^ M^ ^ r ^™^^- from Shearwater 
•ng a total PEG mass of about 40.000 dattorc IteZSs Slt^L^L" 2 ° >00 ° datons - P^" 

"pn^eaTv^ 

IFNa (for example IFNo2a) to tern an^^n^e^^iS ^ "* 64(18 ^ <* 
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atached The conjuga^Formula ,. which ^asin Bte rea 0 em^^7 at S?^XZS2 
IFNo and conjugates having attached more than one reagent molecule b„ unmodified 
such as cation exchange c^c^aphy ma, be used *CSn£Z^ 

separates conjugates into their various molecular weights. The cant«* r^Z.ZZJl^~V^' effect,V8, y 
chromatography may be denWied by molecular we^rj^^^^^ * «*» ««*«■• 
SDS-PAGE. or other Known methods for sepWmdeJar^^^ 

.ngly Certified which contains the conjugate of Formula I purified freTtrcL3^L^Sf 16 accord ' 

ing more man one reagent attached. In^dition. the reag^s* F^.^^^v^T^T 85 

description 9fthf PP^YYIflflft 

figure 1 : Antitumor activity of the PEG2-IFNataha2a in niria mi M j.-.^- 
A498 cells. All animals received a su^„2Sl 2Uk^ f^cutaneously with human renal 

subcutaneously under the opposite ftank of the JZ^££Fj&12^~~°™ 
X Itan^^a^'^^^^ "^eous,y with human renal ACHN 
weekperiod. «"cumneousiy under the opposite flank of the tumor. 1 time per week for a five 

^is^?.^^ ^VST* amed ?T ane ^ y - *"« — «*N ceos. 
°^^eatme«^^ 

subcutaneous under the opposite ffcnkof the ^Z^Z^^^T ™adn,n*tered 

~" «JZE^ ^ed subcutaneously w«h human renai G402 

Day 0 PEG2.IFNa.phaS tre^T SaS 4, e """f^ 0- " 8 °" ^ °ay On Study 

weekperiod. "wraneously under the opposrte flank of the tumor. 1 time per week for a five 

a^r^^^ 

IFNalphaaa treatment was in«iated^»Tndi«L ] J^Z\n ?n 2J* °? ^ ° ay ^ °" Da * ° 
^ouslyur^thecpp^^ 

Example i 

55 gyration of coning ff f fiffmyifl . 
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Materials 



-nterferonoaa was prepared by known methods (Pes*a. supra,. Po.yethy.ene g.yco, (P EG) reagent of formu,a ., 
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was purchased from Shearwater Polymers. Inc. (Huntsvflle Ala) Fmetnnoi® m n 

2Ww. were supplied by EM Separations l^^m^^^n^^ »*" P"** sizes 
PH 7.3. was purchased from BtoWhftaker (WalkST^ « 0X) Ph0Sphate """^ •**<PBS). 
^"s*(SDS.PAGE)pc^ 

trated Fast Slain for protein stoning of PE^u^S cTsd£«?? fr «"WVEX(San Diego. CA). Coocen- 
(Newton. MA). The LAL endotox, aLy « wa^^^^^^^ ^ 2o«n Resierch. inc. 
otfierreagems used were of the highest quality tmibU^Si^^^^L 0 "'- ^ (Woo0s **>• MA). All 
by Charles River Laboratories (Wilrnir^MA). ^ canruiatad and BDF-1 mice were supplied 



'0 Experimental Procedures 

A. Small scale preparation of conjugate of Formula I 



so 



mixture was stirred at 4'C tor 2 hours. ^Z^^J^^^^J^ "* ^ 

The reaction mixture was diluted 50-fold wiftwaSTf SSS12S^^ PH to 4^ with glacial acetic acid, 
packed wim 100ml (3^3on) fectogelEMOa^ 
ibrated with 10n* anwrtum aceS p^ 
« column was then washed wrth the equilibmS ^T^^Z^T^ at *°* alK ° * 2 *>™^ 
hav>ng more .nan one reagent of Formula II attachZS,™ "^l* to baseli ' ,e - P**™ conjugates 

PH 4.5 and the conjugate of Formula I waslSS *wTn } !T* ^ « mM arnnwnWaeeate 
unmodified .FN remaining in the column wS SSSiHi ^ " *• 40 ■""«»*»• acetate bXlS 

concent 

a ''W-ScM. Prepmton of «w « Fmw. , 



Example? 

Protein Determination 

Protein concentrations were defined using an A^ value of 1.0 for 



a img/mJ solution of IFUa o&l 
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SDS-PAGE Analysis 



The conjugate was analyzed by sodium dcdecyl (lauryl) suHateAxXyacrylamide (8-16%) gel electrophoresis under 
reducing condrbons. according to the methods of laemmfi (Nature 227, 680 (1970)). SOS-FAGE comsMno PEgX 
5 ,ugates were stained tar protein using Fast Stain (Zoion Research, Inc., according to the rr^c^SSSnT 

Determination of Endotoxin Levels 

« tions«rS^ 
Pimple 3 

in Vitro BioactKntifts of cpniugnta of PfTrrnuIn I 
Antiviral Activity in Bovine Kidney Cells 

The in vitro antiviral activity of IFNa2a and the conjugate of Formula I as prepared in Example 1 A were deter- 
mined m a ^culture bioassay employing Madin-Darby bovine kidney (MDBK) cd^lengSS veskX sSS 

I *™, I* ^T* 1 ^ antMraJ activrties « Table 1. along with IhScom^^ 

actvrties as a percentage of the starting I FN. «*wrang resuuai 



Table 1 



25 






Anti- Viral Activities 




Samples 


PEG Type 


Total PEG Mass 
(kDa) 


# Lys Modified 


Specif ic Activity 
(U/mg) 


Residual Activity 
(%) 




IFNa2a 








2.00 x10 s 


100 




Conjugate of For- 
mula 1 


Branched 


40 


1 


1.40 X10 7 


7 



45 



/n Wrro Antiproliferative Activity in Human Tumor Cells 

_*.e /n wrm antiproliferative activities were assayed in human Daudi (BurKrtfs Lymphoma) cells, as described bv 
Bc^«aL Human Baud, cdte were ma.main* as stationary suspense cultures inSpMI ISWs^eronSlS 
10% tetel bovine serum and 2 mM gliitamine (Grand Island BMogicals. Grand Island NY) The c^«™~~h 
a* founc Uo be tree of mycoplasma. CeUs (2 x ,0<> were added to wel,s of^crSef pSes J^m'T^TS 
med.um. Vanous concentrations of I FN and the conjugate of Formula I as prepared in Bffl^Tjra L« 

S2£ Jl^^T ^ EnBland Nudear ' B«»on. MA), sixteen hours before cell harvesting Thecelte Jere 
SS^e'^r ^ ^ in 3 «•* ™* "**s were expressed asV^T 
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A 
B 



% Inhibition - [ (A - B / A] x 100. where; 

• cpm in control culture (cells incubated in medium alone) 
» com in experimental culture 



28-f«2?nt««S' a l e "fff (iCs0) * ' FN and ,he coniu9ate are ,isted «" T «bl« 2- The data indicate that there is a 
28 fold '"crease .n anbprolrferatnre activity tor the conjugate of Formula I. as compared to that of 5nT 
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Table 2 



In Vitro antiprolrferative activities in human Daudi (Burkrtfs lymphoma) 
call lines. 


Sample 


Antiproliferative IC50 
(ng/mf) 


Activity Increase 


IFNa2a 

Conjugate of Formula 1 


0.56 
0.02 


1x 
28x 



is Examde 4 

Pharmacokingties 



20 



30 



»^£S^SSS^^^S^^ ^ an averaoe bcxiy we*n of 240 - 
Within 4. 6 hours a «er arrri fSS^SZZ Z^TJ^T^ * * 12 ^ ^ 
0M PBS, 2x10* units of IFNainrJ ^ wVet£*TJ^! ^ 015 " 

that all drug was washed into the animal tTsS^7!^^ * '"J** 0 " 0 ' 015 ' 0 2ml PBS to assure 

sanp.es were drawn « 5. Ta^^ZT^ tT^^ ^J^ " i ° hL 
«>e conjee of Permute I. At all time points. af£5^rjlSri 0 !5 - oSrfS """V**™ <* '™ and. 
was withdrawn using a fresh syringe via the jugular cJ^^^ ^^^J" ***** °* °*<* *** 
at room temperature. Once all the samples were aZ-TTw ^T* !f"^ discharged into serum separating tubes 
in a refrigerated Epperttorf JZ^^o^S^IS^TJ^ *" *»? ™ eenWUB «' at t4000 * ° 
and frozen at -80-C. until readyiterbicW sTnuTJ^L^!?, "™ **> 1 rricrofuge tubes 

time-point was ^errrtrJafd^^F^r^!!:* 6 1^ 8 ^ 1 * 8 * and 916 ^ at each 
™*<a*™aweredetenn^s^ 
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Table 3 


Terminal Half-Lives (t^ and Mean Plasma Residence Time 


Sample 


'1/2 (hours) 


Plasma Residence Time 
(hours) 


IFNa2a 


2.1 


1.0 


Conjugate of Formula 1 


15.0 


20.0 


Teiirwrai *\u estimated by log linear regression. 
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Examplft fj 
'wrnunooeniffjiY 

IFNa2a wrt* « mere irm^enic iZ£e l^foTK^" ^ ab0 * ni8C,ed fe ™ * 

*n a* the serum washed for^Z 3 aTbS,^ were 1 9 toltowmg the test injec- 

'"^r^ and t*s response was greasy 

with the conjugate of this invention ^ ^ antt50d ' eS were detedab,e m «™ ™iomy of animals injected 
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Table 4 



5 


^munogenicity | 


Treatment 


Anttx>dy<INU/rnl)' 




Median 


Range 




IFNa2a " 


2.400 


217-8.533 


10 


fFNa2a Aggregates 


42.667 


8.000*768.000 




Conjugate of Formula 1 


0 


0-1.133 



* Interferon neutrafeing units/mf 

15 



*> Antrtumnr ^yfa fr 
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40 



£^ ^P^a were 

rn.ce. Results are shown in Figures 1-6 wwe ^ Me ^ ^a^K human (umor cells implanted sucoitaneously into 

and 6). 3 to 6 weeks were allowed for the turrxxs TlZ^T r8na) 3402 Aw 5 

info the study was 0.05 to 0.50 cubic cantrJL ^ZZT^ ' ,ndlcatod - ™e size criteria tor acceptance 

week (Monday) wrth 30. 60, 120 or 300 « of ^S^S^^I^^^ treated on. tme per 

the mice were treated three limes oer week rM™Z, p ® r J raatment - 'n the case of unmodified IFNatoha2a 

The duration of «ZZ ^'SSSSSS 10. 20, 40 or 100 ng of ,FNa*Sa£S 
measured every Monday prior to treatments depend^ on tumor ao^ressweness. Tumor volumes were 

"■CStoTSwe^^ ^-s.eas coopered to unmodified 

(Rgurest and 2). Treatment rjr*3 »oTS ^leJl^L l^T^ 28 ^ ^ ft9 **™nfl of treatment 
Oroup were sa^ied. In the tr^ee rrfcetreaWv^S^ 

wrth unmodified IFNalpha2a the A498 t^Tj^^^^^^^ ,umor *«* 0OS8,v « , • >n mice treated 
of three m* e . The A498 tumor we^nt ^ 3^ o^iff °f and , .60 grams respective* in each 
days after the and me four week treatment pStL J^.'^ J 94 grams m each of three control mice. At 80 
mice. Ail seven mice were free of tm^^S^^"^ 0,tiTOn!was determined by patoabon in seven 

PEffi-iFNatohaaa showed a signif icam ^^ILS^ S^T 35 *2 3art4 »- 
weekly dosage levels of 60 ard 120 |tg, at u£S ^LTZZ ^Z^" 3 * Unmodtfied tor 

^ "» aa J fS -< i aays.Z8 days and 35 days (Figures 5 and 6). 



1. A physiologically active PEG-IFNa conjugate having the formula 
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G 

ROCH 2 CH 2 (OCH 2 CH 2 ) a — 0 -C -NH 

L 

R'OCT 2 CH 2 (OCH 2 CH^~o^-^ >S |--X— 



_ IFNa 

II 
O 



* iSST™ 1 me """^ ^ ^ P 01 ^ 6 " 9 uni* is from about 35.000 



to about 



* 3. A connate of daim 2 wherein me molecular weight of tne polyethylene glycol units is about 40.000 daitons. 

4. A conjugate of daim 1 wherein R and R' are methyl. 

5. A conjugate of daim 1 wherein X is NH. 

30 

6. A conjugate of daim 1 wherein the IFNa is IFNa2& 

7. A conjugate of daim 1 wherein the average sum ofn and n 1 is 850 to 1000. 
- 8. A <^*eofc*mlwherernRandR-arem^^ 

9. A< ^te<*ciaimlwnereinRa^*^ 
« A "*<*• <* ^ 1 **h ^ ^ ac^ ^ ,Rg a arcf le6S antK^ ad^ man IFNa 

duce seiaWlX Sn^' ^ a * R3rmUa " to iFUa to 

apeutically inert carrier. ° H5e8C ° npn ^"^aoowaidMB^TOdcfjteMOrttilM,. 

^eTea^ 
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